Background and purpose: A patient with a previously Y-stented giant left middle cerebral artery (MCA) bifurcation aneurysm returned with a recurrence. Materials and methods: A flow diverter (FD) was deployed through one limb of the high-porosity Y-stenting construction. The proximal FD failed to expand and an attempt at balloon angioplasty led to fatal rupture of the MCA. Results: Autopsy demonstrated subarachnoid hemorrhage, vessel rupture and fracture of the proximal high-porosity stent. Microscopic photographs showed that the FD had failed to open because the guiding wire had inadvertently exited and re-entered the proximal segment of the high-porosity stent partially incorporated to the wall of the MCA. Balloon dilatation of the FD which had remained collapsed between the stent and the vessel wall caused fracture of the stent and rupture of the artery. Conclusion: Angioplasty and flow-diversion of previously Y-stented aneurysms can lead to serious complications.
Introduction
Stent-assisted coiling, including Y-stenting of bifurcation aneurysms, has been associated with a lesser risk of aneurysm recurrence at follow-up. [1] [2] [3] [4] Yet, little is known about the efficacy or safety of re-treating these aneurysms when they recur.
Flow diverters (FDs) have been approved for the treatment of large and giant proximal carotid aneurysms. [5] [6] [7] [8] [9] [10] Clinical applications have expanded to diverse clinical situations, including middle cerebral artery (MCA) bifurcation aneurysms and recurrences after coiling or stent-assisted coiling. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] We report a fatal complication related to angioplasty of an FD that failed to open properly during retreatment of a recurrent, previously coiled and Y-stented unruptured giant MCA bifurcation aneurysm.
Clinical case
A 68-year-old woman was found in June 2012 to harbor a 25 mm left partially thrombosed MCA aneurysm at the time she presented with an ipsilateral subcortical ischemic stroke, which had led to a mild hemiparesis (Figure 1(a) -(c)). She made an excellent recovery. Endovascular treatment of the aneurysm was proposed within the Flow Diversion in Aneurysms trial (FIAT), 22 and she was randomly allocated to treatment with flow diversion (with coiling).
The initial treatment strategy, which eventually proved not possible, was to reconstruct the bifurcation using a combination of low-porosity stenting (LVIS Õ stent (MicroVention, Aliso Viejo, CA, USA)) in the superior, anterior M2 branch and an FD in the inferior, posterior and larger M2 branch, trapping a second Viejo, CA, USA)). She tolerated this procedure without complication, although a residual aneurysm neck remained ( Figure 2(d) ).
A follow-up angiography was performed five months later: the aneurysm was found to be enlarging in spite of stent-assisted coiling (Figure 3(a) ), and a second endovascular treatment attempt was made in March 2013. This time, the inferior M2 branch was successfully catheterized with a Prowler Select Plus microcatheter (Codman Neurovascular, Raynham, MA, USA); a 3 Â 20 mm Solitaire Õ AB stent (Covidien, Irvine, CA, USA) was deployed in the inferior M2 trunk (Figure 3 In October 2013 (seven months later) the aneurysm was found to have again recurred on follow-up magnetic resonance (MR) imaging, with the development of a daughter sac in the vicinity of the inferior branch. This finding was confirmed on a follow-up digital subtraction angiography (DSA) (Figure 4 ). Recoiling and flow diversion of the inferior M2 trunk was considered as a treatment option.
In November 2013, the recurrent portion of the aneurysm sac could not be catheterized for additional coiling. Catheterization of the inferior M2 branch proved impossible, and the decision was made to instead deploy the FD (SILK Õ 3.5 Â 25 mm (Balt Extrusion, Montmorency, France)) in the superior M2 trunk. This would entail starting the deployment of the FD in and beyond the LVIS stent positioned in the upper branch, passing through one cell of the Solitaire stent, with potential stenosis of the FD within that cell, landing the proximal FD within the Solitaire inside the M1 segment of the MCA. The deployment of the FD went well in the upper M2 trunk, across the expected mild stenosis upon entering the Solitaire, and in the distal M1 segment, but the FD did not open into the proximal M1 segment (Figure 5(a) ).
Angiographic series at this point showed slow blood flow in all the MCA branches ( Figure 5(b) ). The FD could not be re-sheathed. It was finally decided to deliver the collapsed SILK. The delivery catheter was repositioned inside the distal FD over the pusher wire, the pusher wire replaced with an exchange wire, the delivery catheter retrieved and a Scepter Õ 4 Â 10 mm balloon catheter (MicroVention, Aliso Viejo, CA, USA) was inflated inside the FD in an attempt to open the SILK, first within the distal and then the proximal M1 segments of the FD (Figure 5(c) ). When the proximal FD was opened by balloon inflation, sudden hemodynamic changes occurred and immediate angiography demonstrated intracranial hypertension with flow arrest. The Scepter balloon was inflated, protamine administered and an urgent external ventricular drain placed, but it did not suffice to re-establish normal intracranial circulation. Immediate computed tomography (CT) scanning confirmed massive subarachnoid hemorrhage ( Figure 5(d) ). In retrospective, examination of the last angiographic series demonstrated that the proximal marker of the Solitaire stent had migrated proximally in the petrous carotid region, suggesting rupture of the stent during balloon inflation. The patient died the following day.
Autopsy showed massive subarachnoid hemorrhage. Radiographs of the resected brain and skull base confirmed the fracture of the Solitaire stent, with separation of the proximal marker recovered at the level of the petrous carotid artery (Figure 6(a) ). After four months of fixation in formalin, microscopic dissection of the MCA aneurysm complex was performed under a stereomicroscope. A 2 mm point of rupture was found in the proximal M1 ( Figure 6(b), (c) ). The FD was found to have passed through a proximal cell of the Solitaire, resulting in the failure of the FD to open between the Solitaire and the vessel wall, within the proximal M1. When the balloon was inflated, the Solitaire stent, which had become partially integrated into the wall of the parent vessel, was fractured, with avulsion and tearing of the wall of the MCA. 
Discussion
Peri-procedural complications have been reported in 5%-35% of flow diversion procedures. 23 Complex constructions, including flow diversion after Y-stenting, may be associated with unique complications.
Braided self-expanding stents such as the first stent (LVIS) used in this particular case are able, in benchtop studies, to accommodate other stents and FDs passing through to construct Y-stented bifurcations in situ, without resulting in significant device stenosis. 24 However, some laser-cut stents, with closed cells, including the Solitaire (the second stent used in this case), can partially restrict expansion of FDs inserted through them. 25 The resulting mild stenosis is not necessarily cause for concern; in this case, the SILK crossed through the cells of the distal Solitaire stent without significant stenosis (Figure 8 ), and may well have led to an acceptable result. However, when stents have been deployed for weeks or months in vivo, some stent segments may have become embedded into the neointima attempting to incorporate the foreign body to the vessel wall, while other wires (and cells) may still be suspended within the vessel lumen (Figure 7 ). In this situation, it is nearly impossible to ensure the guidewire used to re-catheterize the stented vessel has not been threaded through a suspended cell composed of wires that have been partially embedded in neointima. The winding path of the guidewire or the delivery catheter navigating through the poorly visible stent wires could perhaps have been better understood had advanced imaging methods been used. 26 The deployment of intracranial stents can be examined with flat-panel detector CT. 27 We speculate that the large coil mass would have produced many artifacts, but metal artifact reduction algorithms have been proposed. 28, 29 While the delivery catheter may follow the wire, the FD will fail to open when deployed. Complete or nearcomplete re-sheathability of FDs is important, but stent wires may obstruct the re-sheathing of a misplaced FD that fails to deploy properly, as in this case. Rescue strategies and removal of the device 30,31 may become impossible once the distal FD has expanded beyond the stent.
Balloon dilatation of the collapsed FD, trapped between the embedded stent and the vessel wall, should not be attempted as it can cause vessel rupture. It is probably better to leave the collapsed FD in place when it cannot be re-sheathed. Slow blood flow (which now has to cross the FD twice to feed MCA branches) may cause ischemic complications. Perhaps a surgical bypass procedure should have been considered.
Conclusion
Physicians should be warned that catheterization of a previously deployed stent may be dangerous, because the micro-guidewire may exit and re-enter the stent. Angioplasty of a stent or an FD that would subsequently fail to open may lead to a fatal arterial rupture.
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